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Abstract
Fomm ir-Rih̄ is a scheduled area on the western coast of Malta charac-
terised by an unusual syncline and clay slopes. This article addresses the Glo-
bigerina Limestone formation, which outcrops at this site of geological interest.
The Lower Globigerina Limestone, the oldest member of this lithostratigraphic
unit, is absent. The matrix to allochems ratio of the Middle Globigerina Lime-
stone is significantly different from that of the Upper Globigerina Limestone. In
both, the matrix is composed of well-preserved micrite, rarely recrystallised to
microspar. The petrology and mineralogy of the Middle Globigerina Limestone
is similar to that of the blue lenticular patches occurring in the Lower Globige-
rina Limestone where it outcrops in other parts of the island, but geochemical
data vary. The SiO2 content of the Middle Globigerina Limestone is < 20%,
while in the case of the Upper Globigerina Limestone, it is > 20%. The SiO2,
Al2O3 and Fe2O3 content increases gradually from the Middle to the Upper
Globigerina Limestone member.
Key words: Globigerina Limestone, Upper Globigerina Limestone, Mid-
dle Globigerina Limestone, Fomm ir-Rih̄, Malta
Introduction. The Maltese archipelago forms part of the Pelagian Block,
which extends to eastern Tunisia [1–3]. The focus of this article is the western
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coast of Malta, specifically Fomm ir-Rih̄ (Fig. 1a). This area has been designated
a Marine Protected Area and a Special Area of Conservation worthy of inclusion
in the Natura 2000 network of protected sites (Fig. 1b). Fomm ir-Rih̄ has a
distinctive character: it exhibits the geological succession of the islands, except
for the Lower Globigerina Limestone (LGL) member, which is absent [4]. This
may be either due to the erosion of the floor such that the sediment had no time to
be deposited, or due to tectonic reasons. This paper studies the composition of the
Globigerina members present at this site by means of petrological, mineralogical
and geochemical analysis.
Geological setting. Fomm ir-Rih̄ occurs on the western end of the Great
Fault, which runs from the Ras ir-Rah̄eb headland near Fomm ir-Rih̄ Bay to
Madliena on the northeast of the island. Two sub-formations of the Globige-
rina Limestone formation outcrop at Fomm ir-Rih̄: Middle Globigerina Lime-
stone (MGL) and Upper Globigerina Limestone (UGL), which are Early Miocene
(Burdigalian) and Middle Miocene (Langhian) respectively. These members are
separated by the upper main phosphorite conglomerate bed [5,6]. Where LGL
is present in other parts of the island, its transition to MGL is marked by the
lower main phosphorite conglomerate bed; this is not the case from UGL to the
overlying Blue Clay. The transition from globigerinid biomicrites to globigerinid
marls is short. The non-carbonate content of Blue Clay is > 70% [7].
The MGL member is a planktonic foraminifera-rich limestone sequence rang-
ing from white soft carbonate mudstone to pale grey marly mudstone. Coccol-
iths are abundant and thin-shelled pectinid bivalves and echinoids are typically
present. The UGL member is a fine-grained planktonic foraminifera-rich limestone
sequence [4]. Pedley et al. [5] acknowledged that the tripartite nature of this
member was first recorded by Morris [8]. Stating thickness (t) in feet, Morris
[8] distinguished between the lower cream-coloured (5 ≤ t ≤ 30) and the upper
pale-cream-coloured (15 ≤ t ≤ 30) wackestones of the UGL, which are separated
by pale-grey calcareous marl (t ≤ 50) which has a lithology identical to the lower
part of the Blue Clay [8].
Materials and methods. The following three samples were collected from
a natural section occurring at Fomm ir-Rih̄: FR1 and FR2 are from the UGL-
Upper Bed and UGL-Lower Bed, respectively, while FR3 is MGL. All are included
in Bianco [9] but were never published. These results are tabulated parallel to two
other samples extracted from the Piccolo Fewda quarry located on the periphery
of Mqabba, which were published by Bianco [10]. Q1 is the best quality building
stone, referred to locality as franka; Q3 is an inferior quality stone, known as
sol ah̄mar (also written as soll ah̄mar), suitable for dimension stone when used
≥ 60 cm above the damp-proof course. Sol ah̄mar is different from sol ikh̄al (also
written as soll ikh̄al), which occurs in the same lithostratigraphical unit, and
also different from the blue lenticular patches occurring within the LGL, namely
samples B1 and B2, addressed in Bianco [11,12].
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Fig. 1. (a) Site location map plotting the position of the Great Fault (gf ) shown in red, and
(b) aerial photo showing the limits of Fomm ir-Rih̄ outlined in red (Baseline images: © Google
Maps)
Fig. 2. UGL (Upper Bed): (a) parallel nicols, micrite with planktonic Globigerina foraminifera,
echinoid bioclasts and part of bivalve shell; (b) crossed nicols, same view as (a), note intraparti-
cle porosity; (c) parallel nicols, micrite with planktonic Globigerina foraminifera and benthic
foraminifera, and (d) detail from (c) outlined in red
Fig. 3. UGL (Lower Bed): (a) parallel nicols, planktonic foraminifera, benthic foraminifera,
glauconite grains, intraparticle porosity; (b) crossed nicols, the same view as (a); (c) parallel
nicols, micrite with larger and small planktonic foraminifera, glauconite grains, intraparticle
porosity, and (d) crossed nicols, same view as (c)
Fig. 4. MGL: Similar to ferruginised Globigerina mudstone reproduced in [12]: (a) parallel
nicols, micrite with planktonic Globigerina foraminifera, benthic foraminifera, and a glauconite
grain; (b) crossed nicols, the same view as (a), intraparticle porosity is present
Thin sections were analysed under a Zeiss Axioskop 40 transmitted light-
microscope. An ARL 8420+ X-ray fluorescence spectrometer and a Philips
PW1729 X-ray generator were also used. An oriented mount technique was ap-
plied for the preparation of the clay mineral analysis, since it enhances the d001
peaks [13].
The petrographical analysis and microphotographs were carried out by Pro-
fessor Elena Koleva-Rekalova. The classification of the limestone proposed by
Dunham [14] was used to describe the texture of the carbonate samples.
Results and discussion. The petrographical characteristics of the Globige-
rina limestone samples under study are given in Table 1.
In FR1, the micrite is well preserved and rarely recrystallised to microspar
(Fig. 2). There are single dolomite rhombs in the matrix. Small planktonic Glo-
bigerina foraminifera predominate; generally their chambers represent pores. Sin-
gle benthic foraminifera also occur. The echinoid and bivalve bioclasts are scarce;
the sizes of echinoderm fragments are less than 0.5 mm and bivalve fragments
not larger than 1.0 mm. Sporadic glauconite grains sized predominantly < 0.15
mm are visible. The LGL samples are Globigerina wackestones with scarce clas-
tic grains [10]. In Q1, the micrite is recrystallised to microspar and pseudospar.
Pores are present too. Small planktonic Globigerina foraminifera occur; single
and strongly altered benthic foraminifera are also present. Bioclasts of echinoids
and bivalves are rare, altered and difficult to discern. Some glauconite grains are
visible. In Q3, the micrite is recrystallised to microspar; it is preserved only in
places that resemble micrite intraclasts. Planktonic Globigerina foraminifera oc-
cur; bioclasts and single benthic foraminifera are also present. Only one bivalve
fragment has a size of 1.2× 0.03 mm. Glauconite grains are scarce.
Petrologically, the micrite matrix in FR2 varies from 45% (wackestone) to
55%; the texture turns into packstone in some places where the allochems exceed
50% (Fig. 3). The matrix is composed of relatively well-preserved micrite; it
is occasionally brown in colour due to the presence of Fe-oxides. The micrite
is rarely recrystallised to brighter microspar. The allochems are mainly large
planktonic foraminifera; small planktonic Globigerina foraminifera are present
but in lesser quantities. Single benthic foraminifera are also present. Most of
the chambers of the larger foraminifera are empty and the porosity is higher.
Some chambers of the small foraminifera also represent pores. When the material
filling the chambers is preserved, it can be noted that it is composed of micrite,
commonly recrystallised to microspar and spar. Some chambers of the larger
foraminifera are filled with phosphate, glauconite or dark brown Fe-oxides. There
are echinoid and bivalve bioclasts, most of them with sizes less than 1.0 mm, rarely
reaching 1.9 × 0.6 (bivalve); 1.5 × 0.6 (echinoid); 1.7 × 0.4 (bivalve); 1.4 × 0.15
(bivalve) mm. Sporadic small bioclasts are silicified. Glauconite grains of varying
sizes (0.15× 0.09; 0.15× 0.15; 0.23× 0.15; 0.45× 0.15 mm) and shapes (rounded,
ellipsoidal and irregular) are relatively common. The terrigenous components are



























































































































































































































































































































































































































































































































































































































































































































































































































subrounded to subangular with quartz grains being recognizable.
FR3 is a Globigerina mudstone similar to sample B2, extracted from blue
lenticular patches within the LGL [12] (Fig. 4). The micrite matrix is well pre-
served and locally recrystallised to microspar where the porosity is slightly in-
creased. The green-brown colour is probably due to clay minerals. Small plank-
tonic Globigerina foraminifera are present; benthic foraminifera and bioclasts are
rare. In some places the micrite is recrystallised to microspar.
The geochemical composition of the FR samples is tabulated along with LG
samples (Table 2). The SiO2, Al2O3 and Fe2O3 content of FR samples increases
gradually towards the upper end of the Globigerina formation. The percentage
of the other non-carbonate content of sample FR3 is similar to sample B1 [12].
The X-ray diffraction analysis recorded the presence of calcite and quartz in the
rock samples. Other non-carbonate minerals noted in the insoluble residue include
zeolite and augite in FR3, and K-feldspar and muscovite mica in FR1 and FR2.
Gypsum and illite are also present in FR1 and FR2 respectively. The illite has
less potassium and more silica than muscovite [15]. It can form during diagenesis
through the alteration of other clay minerals, or due to postdepositional weath-
ering of silicates (notably K-feldspar and muscovite). Similar to smectite, illite is
structurally related to micas.
Conclusion. A section was studied in [16] to clarify the age of the LGL
through quantitative analyses of calcareous nannofossils included Fomm ir-Rih̄.
As per the official designation of this area, the site falls just within the limits
where only the Middle Globigerina Limestone and Upper Globigerina Limestone
members outcrop. The following conclusions were noted:
1. The matrix to allochems ratio of the Middle Globigerina Limestone is signif-
icantly different from that of the Upper Globigerina Limestone; the former
is more similar to the blue lenticular patches occurring in the Lower Glo-
bigerina Limestone.
2. The matrix of both divisions of the Upper Globigerina Limestone is com-
posed of well-preserved micrite that is rarely recrystallised to microspar.
Glauconite grains are present.
3. Small planktonic Globigerina foraminifera predominate in the upper division
of the Upper Globigerina Limestone but are less profuse than in the lower
division of Upper Globigerina Limestone, which is predominantly composed
of large planktonic foraminifera. Echinoid and bivalve bioclasts, present in
the lower unit of Upper Globigerina Limestone, are rare in the upper unit
of Upper Globigerina Limestone.
4. The SiO2, Al2O3 and Fe2O3 content increases gradually from the Lower
Globigerina Limestone member towards the upper end of the Globigerina
formation, the Upper Globigerina Limestone member.
5. Although differing in geochemical composition, the Middle Globigerina Lime-
stone, a Globigerina mudstone, is similar to the blue lenticular patches oc-
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curring in the Lower Globigerina Limestone with respect to petrography and
qualitative mineralogy.
6. The SiO2 content of the Middle Globigerina Limestone is higher than that
of the blue patches occurring in the Lower Globigerina Limestone (the SiO2
content of the blue patches and sol ikh̄al is > 10% and < 10%, respectively
[11]).
7. The SiO2 content of the Upper Globigerina Limestone is > 20%, increasing
to the top of this lithostratigraphic unit; in the case of the Middle Globige-
rina Limestone it is < 20%.
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